Aging affects different human muscles in various ways. An image analysis of the histomorphometric characteristics of fiber types in human masseter and vastus lateralis muscles from young adults and the very old by Kirkeby, Svend & Garbarsch, C.
Histol Histopathol (2000) 15: 61-71 
http://www.ehu.es/histol-histopathol 
Aging affects different human muscles 
in various ways. An image analysis of the 
histomorphometric characteristics of fiber 
types in human masseter and vastus lateralis 
muscles from young adults and the very old 
S. Kirkeby and C. Garbarsch 
Department of Oral Function and Physiology and Institute of Medical Anatomy, 
Faculty of Health Sciences, University of Copenhagen, Denmark 
Histology and 
Histopathology 
Cellular and Molecular Biology 
Summary. This study is an attempt to objectively 
evaluate age-related changes in human muscles by use of 
histomorphometric methods. Aging in humans induces 
dramatic transformations in the skeletal muscles but 
little is known as to whether or not the aging processes 
per se may affect all muscles equally. In this study aging 
of two human muscles with different functions, origin 
and nerve supply is compared. 
Sections were cut from masseter and vastus lateralis 
muscles obtained from young adults aged 18-24 years 
and from the very old aged 90-102 years. Muscle fiber 
types were classified with the traditional myofibrillar 
ATPase staining. Various histomorphometric parameters 
of the different fiber types in human masseter and vastus 
lateralis muscle sections were obtained by image 
analyses to evaluate the age-related changes in the 
muscle fibers. The following variables were calculated: 
the number of each fiber type per photographed area; the 
area of each fiber and two indicators for the shape of the 
muscle fibers. In the aging muscles there was no relative 
preferential loss of a fiber type. High numbers of 
intermediate ATPase-stained fibers (IM fibers) were 
found in some old vastus muscles but were only sporadic 
in young vastus muscles. However, there was no change 
in the percentage distribution of intermediate ATPase- 
stained fibers when young and very old human masseter 
muscles were compared. Incubation of the sections with 
antimyosin antibodies showed that the IM fibers in old 
masseter and old vastus contained different myosin 
heavy chains. Thus ATPase activity and anti-myosin 
staining displayed a somewhat different pattern of fiber 
type distribution. The main changes in the shape and 
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area indicated that type I fibers in the masseter became 
more circular while in the vastus they decreased 
significantly in size. The type I1 fibers in the vastus 
became very small and deviated significantly from 
circularity whereas the type I1 fibers in the masseter only 
exhibited a decrease in the size of the fibers. Histo- 
morphometric measurements show that aging affects 
different human muscles in various ways. 
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Introduction 
Increasing human age leads to a reduction in muscle 
mass and at the age of 80 about half of the total muscle 
area is wasted (Lexell et al., 1988). The aging muscle 
atrophy causes decreased muscle strength and mobility 
often associated with pain from muscles and joints. The 
reduced functionality has been attributed to a number of 
changes taking place in the process of aging such as a 
gradual decrease in fiber diameter, degeneration of 
sarcoplasm and replacement of muscle fibers by fat and 
connective tissue (Larsson, 1995). 
Most studies on aging human muscles have focused 
upon changes in the vastus lateralis muscle in which the 
age-related reduction in muscle mass i s  due to a 
reduction in both number and size of muscle fibers, 
mainly type 11. This could, to some extent be caused by a 
slowly progressive neurogenic process (Lexell, 1995). 
However, not all muscles may be affected equally by the 
aging process (Jennekens et al., 1971; Coggan et al., 
1992a). Changes in shape of muscle fibers are seen in 
some muscle diseases (Kaido et al., 1991; Nucci et al., 
1996) and have occasionally been reported to also 
appear in aging muscles (Tomonaga, 1977). Regarding a 










